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ABSTRACT

Rapid industrialization as a consequence of the population explosion has led to the expansion of the agriculture
and food processing sector to feed every mouth and to meet rapidly growing market demand. Extensive harvesting
and processing of crops and raw agricultural harvests, and production of secondary and tertiary wastes from
industrial manufacturing operations associated with agricultural and food products have impacted the environment
in adverse ways, which is causing irreparable damages. To minimize the carbon load on earth, several sustainable
technologies have been developed, which can save the environment as well as generate some useful and industrially
important products. This review work focuses on the current scenario of these wastes, and their harmful effects on
nature in general, and on the environment in particular. It also suggests that sustainable techniques can minimize
these harmful impacts, and can instead manufacture some valuable products like antibiotics, enzymes, organic
acid, organic chemicals, biomass, pigment, flavors, solid fuel, and bioalcohol. Thus, this is a comprehensive and
extensive account of the utilization of agricultural and food processing wastes to derive valuable, useful products.
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1. INTRODUCTION

The revolution in the food and agricultural sector
came up with increased demands for agricultural and
food products, as a direct consequence of population
explosion, rapid urbanization, and income growth. As a
result, large amounts of waste are generated at all levels
of the agriculture and food processing sectors. The crops
are transported to urban and/or semi-urban centers for
further processing and a large proportion of liquid and
solid wastes are generated during harvesting, production,
transportation, manufacturing, and/or consumption of these
produce. Wastes are even generated after the utilization
of primary and/or secondary wastes. Accumulation of
these wastes may harbor pathogenic microorganisms, and
support their growth, and these harmful microorganisms
that may leach into soil, water, and air.

Most of these are openly dumped in untreated,
unutilized conditions or are burned in landfills. Burning
releases greenhouse gases like carbon dioxide, carbon
monoxide, nitrous oxide, nitrogen dioxide, and carbon
particles, along with ozone and nitric acid. These chemicals,
when get mixed up in soil and water streams can cause
acid deposition that may compromise ecological balance.
However, these wastes are rich in various inorganic
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minerals and organic materials that may improve soil
quality if they are utilized as fertilizer. Moreover, some
of these wastes are rich in bioactive components having
therapeutic and medicinal values. These useful components
can be extracted by various methodologies at a much
lower capital expenditure.

Many countries have undertaken and promoted
innovative technologies for the utilization and recycling
of these wastes, identified as potential renewable sources
of bioenergy. The main barriers to this are a lack of
proper planning, limited public awareness, and insufficient
Government policies, the improvement of which are
necessary for a cleaner and greener environment!??3,

Previously, several studies have reviewed valorization
of wastes to produce industrially important and valuable
products specifically. Ray, et al.* discussed claborately
on different waste materials from which bio-alcohol
can be produced. Other than bio-alcohol, wastes were
also utilized to produce organic acids’, antimicrobials®,
biomass’ or other bioactive components® as discussed in
earlier studies. This review has explicitly covered almost
all possible manufactured goods that can be produced by
recycling wastes using sustainable technologies.

2. WASTE GENERATION FROM THE FOOD
AND AGRICULTURAL SECTOR
The food and agricultural sector have huge prospects
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of industrialization of waste utilization, including secondary
and tertiary wastes, to produce valuable by-products.
Although, it may or may not be possible to get rid of
hundred percent of the agriculture and food processing
wastes even after recycling, their minimization in the
environment is a rather logical and achievable goal. The
following table lists some of the major food crops with
the residues they generate annually (Tables 1 and 2).

Table 1. Agricultural residues for major food crops’

Staple crops
Name of the  Crop Residue rate Crop residues
Crop (%) per 1000 tons
Rice 55 21,298
Maize 250 11,328
Sweet potato 45 595
Cassava 75 7,046
Total 40,269
Industrial Crops
Sugarcane 65 10,483
Peanuts 20 106
Soybean 10 26
Total 10,616

Livestock rearing creates solid wastes such as manure
and other organic materials liquid wastes like urine, and
wash water (for bathing of animals) from cages, barn,
and/or slaughterhouses. Most of these spontaneously
developed farms lack proper treatment facilities for
these wastes and thus cause serious pollution problems.

According to the Department of Animal Health
(DAH), accumulated manure (25%) is collected and
packaged for sale to targeted consumers who will use
it as fertilizer or fish feed; 20%, 10%, and 45% are
reutilized for biogas production, composting and for
discharging into the environment untreated respectively.
This waste can generate greenhouse gases and also cause
water pollution. Animal manure may contain various
microorganisms and parasite eggs, which can survive
to potentially harm the health of higher organisms
including humans and animals. Additionally, wastes from
the farm may include a significant amount of unused
residues of food and animal corpses of livestock which
are sources of pathogenic microorganisms. The nature
of the waste depends upon animal species, feed, gender,
hygienic practices, and method of waste treatment’.

While agriculture mainly deals with raw or unprocessed
wastes from plant and animal origin, food industries
deal with both raw materials and processed byproducts
and design their waste treatment accordingly. The fate
of waste products to generate industrially important
materials can be illustrated in Figure 1.

—»7— +

WASTES AGRO-INDUSTRIAL WASTE

FOOD PROCESSING WASTE

PRE-TREATMENT AND PROCESS OPTIMIZATION
INDUSTRIALLY VALUABLE PRODUCT

Figure 1. Flow diagram of converting agro and food processing
wastes into valuable products

2.1 Food Industry Waste

Annually, about 20% of the total fruit and vegetable
production in India is wasted during the postharvest
stage, particularly during transportation from production
farms to markets. Besides, large quantities of organic
wastes and effluents are generated by food processing
industries including juice, oil, chips, meat, confectionary,
fruit processing units, and many others. There has
been a remarkable increase in many food and beverage
processing industries to meet the increasing demands
for semi-processed and processed foods. In edible oil
industries, a large amount of oil cakes, byproducts of
oil extraction from the seeds, causes air, water, and soil
pollution, as they are rich in greasy and oily suspended
and dissolved solids. These food processing wastes have
high BOD, COD, and TSS values, which make them
nutrient-rich media for microbial processing to produce
various high-value products at a reasonable cost. Thus,
these industrial residues are pre-enriched with desired
nutrients, rendering them as alternative substrates for
fermentation, and thus, can be cost-effectively utilized
as a source.

2.2 Agricultural Wastes
Agriculture wastes are divided into two types
of residues i.e. residues in the field and those after

Table 2. Rate of generation of solid waste from animal breeding’

Generation rate (kg/

C Buffal Pi
head/day) ow utialo 8

Poultry Goat, sheep Horse Deer

Average value 18 15 2

0.2 1.5 4 2.5
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processing. Field residues are post-harvest wastes that
consist of leaves, stems, stalks, seed pods, and many
others, while the processing residues or post-processing
wastes are pulp, seeds, husks, straw, shell, leaves, stem,
stalk, molasses, bagasse, peel and roots. that can be
used for making animal feed, improving soil fertility,
manufacturing fertilizer and numerous products. They
can improve the irrigation process and can control soil
erosion as well. This phytomass consists of cellulose,
hemicellulose, and lignin, which are strongly bound by
chemical cross-linking and are also termed lignocellulose
(LCB) accumulation. They are also rich in starch, and
both lignocellulose and starch can be converted to biofuels
or biopolymers, as important renewable resources. Two
types of extracellular enzyme systems that are used to
utilize agricultural residues like sugarcane bagasse, corn
cob, wheat and rice bran, wheat straw and others are
hydrolytic (polysaccharide degradation) and ligninolytic
(lignin degradation that opens phenyl rings) enzymes,
used to produce bio-alcohol 2. Fermentation is a cost-
effective process of utilizing low-value substrates like
agricultural wastes, as great potential alternatives to the
traditional method of acid hydrolysis'®.

3. IMPACT OF WASTES ON THE

ENVIRONMENT

The earth is equipped with a natural cycle, by which
it maintains environmental equilibrium, and systematically
recovers from routine environmental degradation. For
example, forest soil is rich and fertile due to biomass
recycling of leaves and other plant and animal residues
that fall on it. This natural enrichment of soil has
resulted in massive deforestation, to avail fertile land
for enhancing agricultural production. The process of
agricultural production, in turn, generates loads of waste,
which have been and can be recycled into some forms of
usable products or substances. For example, rice straw
is one of the agricultural wastes, which is used to make
roofs of huts, and to feed livestock since ancient times.
The twigs and small branches of trees have been used
as fuel for thousands of years. Agricultural wastes are
also composted to produce organic fertilizers, which
are profusely used by farmers all across the globe, as
organic foods are gaining the market. This process has
helped many poor farmers to decrease their farming
costs giving almost the same output in soil fertility!!'.

The raw material source decides the composition
and quantity of agro-industrial wastes along with the
characteristics of the products and manufacturing steps.
In general, these wastes have high BOD, COD, and
suspended solids causing severe water, soil, and air
pollution, if not managed properly or treated before
disposal. The food industries that generate waste includes
canned, frozen, and dehydrated fruits and vegetables,

soup, potato chips, specialty items, baby food, edible
oil, dairy, pickle, peanuts, tea, coffee, chocolate, fish
and seafood, meat, and poultry processing lines.

3.1 Water Pollution

It is caused by highly biodegradable effluents having
soluble organics that are difficult to remove chemically
or by pigments in various raw products that cause water
discoloration or by putrescible liquid wastes that cannot
be stored for long. Effluent from edible oil contains high
concentrations of suspended fat, oil, and floating grease
that are difficult to remove. They usually have very high
BOD,, suspended solids, dispersed organics, and dissolved
solids. Whey from the dairy industry, brine from pickle
manufacturing, and wash water from livestock rigged
with organic, and inorganic matter, microorganisms, and
parasite eggs are some of the common examples.

3.2 Solid Waste Accumulation

Frozen and canned meat or muscle products may form
putrescible wastes from peeling and trimming or screening
operations. These wastes need to be treated quickly to
convert them into by-products such as fertilizers and/
or feed. Peanut and cocoa industries accumulate large
quantities of shells and hulls whereas tea chests, spent
tea and coffee grounds are primary by-products of tea or
coffee manufacturing industries. Processing of poultry,
crab, shrimp, or fish produces large quantities of shells,
entrails, offal, feathers and fins, which are commonly
utilized to manufacture animal feed.

3.3 Air Pollution

Odours and smoke from processing operations,
wastewater treatment, solid waste disposal, moisture
droplets from steam plumes and entrained particulates can
cause air pollution, if not properly treated, maintained,
utilized (where appropriate), and/or disposed of. Particulate
emissions from handling beans, food grains, or pomace
may discharge occasional toxins or specific allergens. The
roasting odor from tea, coffee, or chocolate industries and
odors emanating from cages or burns, as a result of an
accumulation of animal wastes, putrefaction of organic
wastes in manure, urine, and/or from unused, excess
feed are some of the routine causes of air pollution
from agriculture, and agro-based industries®!!

4. MANUFACTURE OF INDUSTRIALLY
IMPORTANT PRODUCTS FROM WASTES
The valuables that can be generated by processing

these wastes may have therapeutic or medicinal values;

may be utilized in various chemical or pharmaceutical
industries; may be used to make some regional cuisines
or simply utilized to produce solid, liquid, or gaseous

biofuels (Table 3).
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Table 3. Production of different industrially important products from agriculture and food wastes

Name of the waste Nature of fermentation with microorganisms Product generated Ref.
Antimicrobial/ Anticancer/ Antioxidant
. Solid State Fermentation using Kluyveromyces Anticancer and antioxidant properties i
Pineapple waste .
marxianus NRRL Y-8281 of the methanol-extracted waste
Catechins, epicatechin,
hydroxycinnamates, anthocyanins,
Appl A 1 1 i tin, chl i
pple and Avocado peel and Extraction g ycosu.ies, guerce in, c oroger.nc "
pomace acid, gallic acid, phloretin glycosides,
procyanidins, cyanidin 3-glucoside,
homogentisic acid
Anthocyanins, cyanidin
Banana peel Extraction gallocatechin, delphindin, 13
catecholamine
Antibiotics
Corn cob and pomace, sawdust,
rice hulls, Groundnut shell, Solid State Fermentation using Streptomyces 141516

cassava peels, and household
kitchen waste.

rimosus TM-55, Streptomyces rimosus

Antibiotic oxytetracycline

Qil cakes from coconut,

Solid State fermentation using Amycolatopsis

t, the shell of Rif: inB 17
groundnu., e shell of ground Mediterranean MTCC 14 ifamycin
nut, and rice husk.
wheat bran, cotton seed meal, . . .
Solid State fermentation using Streptomyces . s
apple pomace, and soybean Neomycin

powder

fradiae NCIM 2418

Regional delicacies

Peanut press-cake

Fermented product Oncom Kacang.

19, 20

Solid wastes of Tahoo ( soybean
Curd)

Fermented product Oncom Tahoo.

19, 20

Solid mungbean waste
(Phaseolus radiata) and starch
flour (Hunkwe)

Fermented product Oncom Ampas
Hunkwe.

21

Soybean milk wastes

Protein-rich human food like Tempeh
or similar kinds.

22

Enzymes

Agri wastes

Solid state fermentation by thermophilic fungus

strain, i.e., Thermoascus aurantiacus.

Endoglucanase and f- glucosidase

23

Corn cob

Solid-state fermentation coupled with enzymatic
treatment using Sporotrichum thermophile

Cinnamoyl esterase and xylanase

24

Bran of wheat, green gram, black
gram, maize, rice, flour of corn,
barley, jowar, and wheat rawa.

Solid-state fermentation using Aspergillus sp.

Amylase and Glucoamylase

25,26

Wheat bran

Solid-state fermentation using Aspergillus

awamori nakazawa MTCC 6652

Amylase and Protease

27

Agricultural waste, Papaya
Waste, Orange peel, Coconut oil
cake, Bran of wheat, rice, black
gram, and soybean.

Solid-state fermentation using Aspergillus niger

MTCC 104,
Aspergillus niger, Aspergillus oryzae

o-amylase

28,29, 30, 31,32

Rice bran and Corn bran

Solid-state fermentation using Bacillus sp PS7

Thermostable a-Amylase

33
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Name of the waste

Nature of fermentation with microorganisms

Product generated

Ref.

Stalks of candelilla, sugarcane

Solid-state fermentation using

bagasse, husks of coconuts, and Aspergillus niger GHI1 Ellagitannase 34
corn cobs
. Solid-state fermentation using Aspergillus ibericus.
Oil cakes fi Im kernel L . . . 35,36,37
11 cakes lrom paim kemes, MUM 03.49, Penicillium aeruginosa and Candida Lipase

groundnut, and linseed

rugosa.

Wheat bran and orange peel

Solid-state fermentation using Penicillium
notatum NCIM 923.

Pectin methyl esterase

38

Solid-state fermentation using

Fruits peel waste . . Invertase 3
P Aspergillus niger

Organic acids

The outer cover of gallo seeds Fermentation using Rhizopus oryzae Gallic acid 4

Tea wastes with sugarcane
molasses

Fermentation using Aspergillus niger

Gluconic acid

40

Wheat kernels

Fermentation using Aspergillus oryzae

Oxalic acid

40

Carrot-processing waste, Sweet
sorghum, Sugarcane bagasse, and
Cassava bagasse

Fermentation using Rhizopus oryzae, Lactobacillus
paracasei and Lactobacillus delbrueckii

Lactic acid

40

Pineapple wastes

Fermentation using Aspergillus foetidus

Citric acid

40

Organic chemicals

Corn cob

Solid-state fermentation coupled with enzymatic
treatment using Sporotrichum thermophile

Phenolics

24

Orange peel waste

Stirred tank reactor using
Bacillus subtilis OK 2

Poly-3 hydroxybutyrate

41

Qils of castor, coconut, corn,
rapeseed, olive, sunflower, and

barley bran, cassava flour and Pseudomonas aeruginosa PB3A. Biosurfactant «
potato waste, peanut cake, rice,
and wheat bran.
Submerged Fermentation using Xanthomonas
Waste like potato peel campestries MTCC 2286, Xanthomonas citri, Xanthan -

Xanthomonas oryzae, and Xanthomonas
musacearum.

Immobilized matrix

Ten agro wastes which include
Peels of lemon and orange,

apple pomace, creosote bush
leaves, Caribbean agave, shell of
pistachio and pecan nut, wheat
bran, coconut husk, and bean
residues.

Solid-state fermentation in immobilized form

Immobilized carrier

44

Salacca wallichiana stem

Immobilization carrier for lipase production

Immobilized matrix

45
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Name of the waste

Nature of fermentation with microorganisms

Product generated

Ref.

Chicken eggshell membrane
powder

Immobilized enzyme carrier of B galactosidase

Immobilization matrix of enzymes

46

Biomass

16 diverse agro-industrial
wastes(Rice straw, Cotton
waste, Khaya ivorensis,
Terminalia ivorensis, Androgon
sp, Groundnut shell, Melon
pericarp,Cassava peels, Banana
leaves, Palm wastes, Con cob,
Cocoa leaves, Coffee leaves,
Paper wastes, Soybean wastes
and Poultry manure)

Submerged condition of fermentation

Oyster mushroom species Pleurotus
tuber-regium

47

Banana stalks, Bahia grass, Rice,

Oyster mushroom pink and gray

Solid bed of agro waste species and the species Pleurotus 48,49
and wheat straw. . .
sajor-caju
Coffee husks Solid bed of coffee husks Oyster mushroom 50
Straws of Paddy and Varagu, .
Mush Pl
Sorghum stem, and Sugarcane Solid bed of agro waste Oyster Mushroom species Pleurotus st

trash

eous and Pleurotus platypus.

Cucumber and orange peels

Submerged fermentation using
Sachharomyces cerevisiae

Single-cell protein (SCP)

52

Pigments

Molasses supplemented with
sucrose, zinc sulfate, and

. Fermentation using Penicillium oxalicum Arpink Red 53
magnesium sulfate, extract of
corn and yeast
Corn fiber and ethanol processin; Fermentation using genetically modified fungus
p g g8 y g Lycopene 5

by-products

Fusarium sporotrichioides

Orange processing waste

Solid state, Semi-solid state and Submerged
fermentation using Monascus purpureus ATCC 16365
and Penicillium purpurogenum CBS 113139.

Orange pigment

54

Flavors

Maize, rice, wheat, and sugar
beet pulp by-products

Extraction using organic solvents

Ferulic acid ( Precursor of Vanillin
production)

40

Olive mill waste

Microbial fermentation using Rhizopus

oryzae and Candida tropicalis

d-limonene

55

Soya bean, apple pomace,
cassava bagasse and amaranth

Solid state fermentation using Ceratocystis fimbriata

Fruits aroma ( mixture of Alcohol,
aldehyde, ketones, and esters)

56

Gas production

Corn straw

Pre-treatment and anaerobic digestion

Biogas

57

Agriculture residues rice straw,
empty fruit bunches, cassava
pulp, decanter cake, pineapple
peel, and along with weeds,
i.e., Typha angustifolia L. and
Eichornia crassipes

Pre-digested Solid state fermentation using natural

microflora

Biogas methane

58
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Name of the waste Nature of fermentation with microorganisms Product generated Ref.
The straw of soybean, black . . . .
W Y Digestion using concentrated sulphuric acid and . "
gram, red gram, wheat stalk, and Biogas
catalysts.
ground nut shells
Solid fuel
Grape Marc from the winery hydrothermal carbonization to make hydrochar Solid biofuel 60
Palm oil fronds and trunks hydrothermal treatment Solid fuel ot
The mixture of rice husk,
cornstarch, glycerol, and acetic Homogenization and oven drying Solid fuel 62
acid.
Bioalcohol
Water extract of Bagasse, spent Submerged Fermentation using Saccharomyces Bioalcohol @
tea liquor, and potato wash water cerevisiae MTCC 180
. Solid state fermentation using Saccharomyces
Vegetable wastes like peels of L. . e i . ”
. cerevisiae with saccharification process by Bioethanol
potato, carrot, and onion. C
Penicillium sp.
Agro-industrial waste and starch . . Lo e .
. gro-maustriat w Fermentation using Clostridium beijerinckii Biobutanol 65
industry wastewater.
Solid-state fermentation using Saccharomyces .

Straw, sawdust, and b .. Bioethanol 66

raw, sawdust, and corncobs cerevisiae NCYC 3451 ioethano

. High-temperature treatment using methanol alon L
Waste animal fat £ . peratu . Using . g Biodiesel 67
with catalysts nickel and magnesium.

Waste fish oils and used cooki

aste AT Offs and used cooking Direct utilization or mild heat treatment Biofuel 68

oils

5. MARKET VALUE AND BIO-ECONOMY

An estimated 181.5 billion tonnes of lignocellulosic
biomass is manufactured globally in a year, of which
8.2 billion tonnes are utilized at present, and the rest
remain untreated and degrade as waste. Approximately 7
billion tonnes are by-products of agriculture, forest, and
grassland activities, of which only 17% are residues of
agricultural production. So, efficient utilization of these
wastes is becoming a necessity to expand the prospects
of developing a bio-economy®. This agro-industrial waste
biomass is widely available and forms the substrate for
biofuel production by fermentation. Optimized technologies,
life cycle analysis, and economic assessment of these
processes can contribute to the development of these
nature-friendly concepts. Various types of pretreatment
methodologies, valorization techniques, integrated approaches,
and optimization can increase the recycling value of these
substances. The processes are not only a step towards
the sustainable circular bio-economy but also an art of
living life in a zero-waste world™.

6. CONCLUSION

The world is generating excessive amounts of waste,
as much as 0.74 kg per head daily. These wastes are
rich in nutritional components that also have a very high
biological oxygen demand, and may cause environment

pollution if dumped untreated or burned. These wastes are
useful substrates for industrial-scale microbial fermentation
to generate simpler molecules of industrial value. As raw
materials they drastically reduces cost of manufacturing
and contributes towards the maintenance of ecological
balance. Currently, about 10% of the total energy demands
in the world is met with the help of biomass generation
which can definitely be increased along with making novel
materials such as biodegradable food packaging systems
through up-cycling and proper handling of these wastes.
With effective national and international policies, local
initiatives, and mass awareness, through joint ventures
of scientific methodologies, innovation, and economic
management, utilization of these wastes can immensely
boost investment towards sustainable development.

REFERENCES

1. Koul, B.; Mohammad, Y. & Shah, M. P. Agricultural
waste management strategies for environmental
sustainability. Environ. Res., 2021, 206,112285.
doi:10.1016/j.envres.2021.112285.

2. Sadh, PK.; Duhan, S. & Duhan, J.S. Agro-industrial
wastes and their utilization using solid-state fermentation:
a review. Bioresour. Bioprocess., 2018, 5, 1-15.
doi:10.1186/s40643-017-0187-z

275



10.

1.

12.

13.

14.

276

DEF. LIFE SCI. J., VOL. 8, NO. 3, JULY 2023

Ravindran, R.; Hassan, S.S.; Williams, G.A. &
Jaiswal, A.K. A review on bioconversion of agro-
industrial wastes to industrially important enzymes.
Bioengineering (Basel), 2018, 5, 93. doi: 10.3390/
bioengineering5040093.

Ray, S., Mukherjee, A. and Ghosh, U. Bio-alcohol
generation from agro-industrial waste: a comprehensive
review, J. biofuel., 2021, 12, 9-18.

Lu, J; Lv, Y.; Qian, X.; Jiang, Y.; Wu, M.; Zhang,
W.; Zhou, J.; Dong, W.; Xin, F. & Jiang M. Current
advances in organic acid production from organic
wastes by using microbial co-cultivation systems.
Biofuel Bioprod Biorefin, 2019, 14, 481-492.
doi:10.1002/bbb.2075

Gongalves, L.A.; Lorenzo, J.M. & Trindade, M.A.
Fruit and Agro-Industrial Waste Extracts as Potential
Antimicrobials in Meat Products: A Brief Review,
Foods, 2021,10,1469. doi: 10.3390/foods10071469.
Kieliszek, M.; Piwowarek, K.; Kot, A.M. & Pobiega,
K. T. The aspects of microbial biomass use in the
utilization of selected waste from the agro-food
industry. Open Life Sci., 2020, 15, 787-796. doi:
10.1515/bi01-2020-0099.

Ben-Othman, S.; Joudu, I. & Bhat , R. Bioactives
From Agri-Food Wastes: Present Insights and Future
Challenges. Molecules, 2020, 25, 510. doi: 10.3390/
molecules25030510.

Hai, H.T. & Tuyet, N.T.A. Benefits of the 3R
approach for agricultural waste management (AWM)
in Vietnam. Asia Resource Circulation Policy Research
Working Paper Series.[Internet] 2010, 1-56. Available
from https://www.iges.or.jp/en/publication _documents/
pub/discussionpaper/en/1988/3r_awm_vietnam.pdf.
(Accessed on June 1, 2022).

Krishna, M.P. & Mohan, M. Litter decomposition in
forest ecosystems: a review. Energ. Ecol. Environ.2017,
2, 236-249. doi:10.1007/s40974-017-0064-9.
Zheng, S.; Liu, W. & Zhi, Q.Cleaner Waste Management:
A Review Based on the Aspects of Technology,
Market and Policy, Energy Procedia, 2016,104,
492-497.

doi:10.1016/j.egypro.2016.12.083.

Rashad, M.M.; Mahmoud, A.E.; Ali, M.M.; Nooman,
M.U. & Kashef, A.S.A. Antioxidant and anticancer
agents produced from pineapple waste by solid-state
fermentation. Int. J. Toxicol. Pharmacol., 2015, 7,
287-296.

Kumar, K.; Yadav, A.N.; Kumar, V.; Vyas, P. &
Dhaliwal, H.S. Food waste: a potential bioresource for
extraction of nutraceuticals and bioactive compounds.
Bioresour. Bioprocess., 2017, 4, 1-14. doi:10.1186/
$40643-017-0148-6

Kashif, A. & Shahid, M.K. Agricultural Wastes as an
Alternative Source for the Production of Antibiotics:
Recent Developments and Future Perspectives. In:
Nayak, S.K., Baliyarsingh, B., Mannazzu, I., Singh,
A., Mishra, B.B. (eds) Advances in Agricultural and
Industrial Microbiology. Springer, Singapore.2022,
doi:10.1007/978-981-16-8918-5 7

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Schalchli, H.; Hormazabal, E.; Astudillo, A.; Bricefio,
G.; Rubilar, O. & Diez, M.C. Bioconversion of potato
solid waste into antifungals and biopigments using
Streptomyces spp. PLoS One, 2021,16, ¢0252113.
doi: 10.1371/journal.pone.0252113.

Ezejiofor, T.I.N.; Duru, C.I.; Asagbra, A.E.; Ezejiofor,
A.N.; Orisakwe, O.E.; Afonne, J.O. & Obi, E.
Waste to wealth: Production of oxytetracycline using
streptomyces species from household kitchen wastes
of agricultural produce. Afri. J Biotechnol., 2012,
11, 10115-10124. doi: 10.5897/AJB11.3499
Nagavalli, M.; Ponamgi, S.P.; Girijashankar, V. &
Venkateswar, Rao, L. Solid state fermentation and
production of rifamycin SV using Amycolatopsis
mediterranei. Lett Appl Microbiol., 2015, 60, 44-51.
doi: 10.1111/lam.12332.

Bala, S.; Garg, D.; Sridhar, K.; Inbaraj, B.S.; Singh, R.;
Kamma, S.; Tripathi, M. & Sharma, M. Transformation
of Agro-Waste into Value-Added Bioproducts and
Bioactive Compounds: Micro/Nano Formulations
and Application in the Agri-Food-Pharma Sector.
Bioengineering (Basel).,2023,10, 152. doi: 10.3390/
bioengineering10020152.

Veen, A.G.V.; Graham, D.C.W. & Steinkraus, K.H.
Fermented peanut press cake, Cereal Science Today.,
1968,13, 96-99.

Beuchat, L.R. Oncom (fermented peanut press cake).
In Legume-based Fermented Foods, edited by N.R.
Reddy, M.D. Pierson & D. K. Salunkhe. CRC
Press, Boca-Raton, Florida, 1986. pp. 135-144.
doi:10.1201/9781351074001

Steinkraus, K.H. Handbook of Indigenous Fermented
Foods, Revised and Expanded. 2™ Edition. India,
CRC Press. 1995.

Lim, G. Indigenous fermented foods in South East
Asia. ASEAN Food J., 1991, 6, 83-101.
Kalogeris, E.; Christakopoulos, P.; Katapodis, P.;
Alexiou, A.; Vlachou, S., Kekos, D. & Macris,
B.J. Production and characterization of cellulolytic
enzymes from the thermophilic fungus Thermoascus
aurantiacus under solid-state cultivation of agricultural
wastes. Process Biochem., 2003, 38, 1099-1104.
doi:10.1016/50032-9592(02)00242-X

Topakas, E.; Kalogeris, E.; Kekos, D.; Macris, B.J.&
Christakopoulos, P. Production of Phenolics from
Corn Cobs by Coupling Enzymic Treatment and
Solid State Fermentation. Engg Life Sci., 2004, 4,
283- 286. doi:10.1002/elsc.200420025

Ellaiah, P.; Adinarayana, K.; Bhavani, Y.; Padmaja, P. &
Srinivasulu, B. Optimization of process parameters for
glucoamylase production under solid state fermentation
by a newly isolated Aspergillus species. Process
Biochem., 2002, 38, 615-620.
doi:10.1016/S0032-9592 (02)00188-7

Ahmed, N.E.; El Shamy, A.R. & Awad, H.M.
Optimization and immobilization of amylase produced
by Aspergillus terreus using pomegranate peel waste.
Bull Natl Res Cent., 2020, 44, 109. doi:10.1186/
$42269-020-00363-3



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

RAY, et al.: UTILIZATION OF AGRO-INDUSTRIAL, FOOD PROCESSING WASTES AND POLLUTANTS FOR...

Negi, S. & Banerjee, R. Optimization of culture
parameters to enhance the production of amylase
and protease from Aspergillus awamori in a single
fermentation. Adv j Microbio Res., 2018, 12, 001-
008.

Kumar, A.; Duhan, J.S. and Tanwar, S.K. Impact of
global climate change on earth ecosystem. Edited by
D. R. Khanna; A.K. Chopra; G. Matta; V. Singh; R.
Bhutiani. New Delhi- India, Biotech Books. 2013.
pp-205-214.

Balakrishnan, M.; Jeevarathinam, G.; Kumar, S.K.S. et
al. Optimization and scale-up of a-amylase production
by Aspergillus oryzae using solid-state fermentation
of edible oil cakes. BMC Biotechnol., 2021, 21, 33.
doi:10.1186/s12896-021-00686-7

Uygut, M.A. & Tanyildizi, M.S. Optimization of Alpha-
Amylase Production by Bacill us amyloliquefaciens
Grown on Orange Peels. [ran J Sci Technol Trans
Sci , 2018, 42, 443-449 . doi:10.1007/s40995-016-
0077-9.

Ramachandran, S.; Patel, A.K.; Nampoothiri, K.M.;
Francis, F.; Nagy, V.; Szakacs, G. and Pandey, A.
Coconut oil cake--a potential raw material for the
production of alpha-amylase. Bioresour. Technol.,
2004, 93,169-174. doi:10.1016/j.biortech.2003.10.021.
Sheela, J.M.; Divya, K. & Premina, S. Amylase
Production by Aspergillus niger and Penicillium
Species by Solid-State and Submerged Cultivation
Using Two Food Industrial Wastes. Nat. Environ.
Pollut. 2021, 20, 1127-1135.
doi:10.46488/NEPT.2021.v20i03.020

Maity, S.; Mallik, S.; Basuthakur, R. & Gupta, S.
Optimization of Solid State Fermentation Conditions
and Characterization of Thermostable Alpha Amylase
from Bacillus subtilis (ATCC 6633). J. Bioproc Biotech.,
2015, 5, 1-7. doi: 10.4172/2155-9821.1000218.
Buenrostro, J.; Ascacio, A.; Sepulveda, L.; De. La.
Cruz, R.; Prado-Barragan, A.; Aguilar-Gonzalez,
M.A.; Rodriguez, R. and Aguilar, C.N. Potential use
of different agro-industrial by-products as supports
for fungal ellagitannase production under solid-state
fermentation. Food Bioprod. Process., 2014, 92,
376-382.doi: 10.1016/j.fbp.2013.08.010

Oliveira, F.; Carlos, E.S.; Peclat; Veronica, R.O.L.;
Salgado, J.M.; Bernardo, D.R.; Maria, A.Z.C.;
Armando; V. and Isabel, B. Optimization of lipase
production by Aspergillus ibericus from oil cakes
and its application in esterification reactions. Food
Bioprod. Process., 2017, 102, 268-277.

Szymczak, T.; Cybulska, J.; Podlesny, M. & Frac,
M. Various Perspectives on Microbial Lipase
Production Using Agri-Food Waste and Renewable
Products. Agriculture. 2021, 11, 540. doi:10.3390/
agriculture11060540

Banerjee, S. & Ghosh, K. Bio-processing of Linseed
Oil-Cake through Solid State Fermentation by Non-
Starch Polysaccharide Degrading Fish Gut Bacteria.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Ferment Technol , 2016, 5, 127. doi:10.4172/2167-
7972.1000127.

Patidar, M.K.; Nighojkar, S.; Kumar, A. & Nighojkar,
A. Pectinolytic enzymes-solid state fermentation, assay
methods and applications in fruit juice industries:
a review. 3 Biotech. 2018, 8, 199. doi: 10.1007/
s13205-018-1220-4.

Mehta, K. & Duhan, J.S. Production of invertase from
A. niger by using fruit peel waste as a substrate.
Int. J. Pharm. Biol. Sci., 2014, 5, B353-B360.
Yusuf, M. Handbook of Ecomaterials, Edited by
L.M.T. Martinez et al. Edition 1, Haryana-India,
Springer International Publishing. 2017. pp. 1-11.
Sukan, A.; Roy, I. & Keshavarz, T. Agro-Industrial
Waste Materials as Substrates for the Production of Poly
(3-Hydroxybutyric Acid). J Biomater Nanobiotechnol.,
2014, 5, 229-240.doi: 10.4236/jbnb.2014.54027
Varatharajan, S.; Vijayakumar, S. & Malays, S. Production
of biosurfactant by Pseudomonas aeruginosa PB3A
using agro-industrial wastes as a carbon source. J.
Microbiol., 2014, 10, 57-62. doi: 10.21161/mjm.56813
Fabiana P.S.; Antonio M.O.J.; Tatiana P.N.; Carlos
E.F.S. & Ana K.S.A. Bioconversion of Agro-industrial
Wastes into Xanthan Gum.Chemi. Engg. Trans.2016,
49, 145-150.

doi: 10.3303/CET1649025.

Girelli, A.M.; Astolfi, M.L. & Scuto, F.R.Agro-
industrial wastes as potential carriers for enzyme
immobilization: A review, Chemosphere, 2020,
244,125368. doi:10.1016/j.chemosphere.2019.125368.
Ittrat, P.; Chacho, T.; Pholprayoon, J.; Suttiwarayanon,
N. and Charoenpanich, J. Application of agriculture
waste as a support for lipase immobilization. Biocatal.
Agric. Biotechnol., 2014, 3, 77-82.doi: 10.1016/].
bcab.2014.02.002

Kessi, E. & Arias, J.L. Using Natural Waste
Material as a Matrix for the Immobilization of
Enzymes: Chicken Eggshell Membrane Powder for
B-Galactosidase Immobilization. Appl. Biochem.
Biotechnol., 2019, 187,101-115. doi: 10.1007/s12010-
018-2805-4.

Jonathan, S.G. & Babalola, B. Utilization of agro-
industrial waste for the cultivation of Pleurotus
192 tuber-regium (Fries) Singer, a Nigerian Edible
Mushroom. Tropentag, 2013, 1-4.

Siqueira, F.G.; Felix, Martos, E.T.; Silva, R.D. &
Dias, E.S. Cultivation of P. sajor-caju on banana
stalk and Bahia grass based substrates. Hortic. Bras.,
2011, 29, 199-204.

Fufa, B.K.; Tadesse, B.A. & Tulu, M.M. Cultivation of
Pleurotus ostreatus on Agricultural Wastes and Their
Combination. Int. J. Agro., 2021, 2021, 1465597.
doi:10.1155/2021/1465597

Pushpa, M. & Manonmani, K. Bioconversion of Coffee
Industry Wastes with White Rot Fungus Pleurotus
florida. Res. J. Environ. Sci., 2008, 2, 145-150.
doi: 10.3923/rjes.2008.145.150

Deshmukh, S.V. & Deshmukh, V.R. Soybean Straw:

277



52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

278

DEF. LIFE SCI. J., VOL. 8, NO. 3, JULY 2023

A Promising Substrate for

Cultivation of Oyster Mushroom. Int. J. Sci. Res.,
2016, 5, 1528-1531.

Dunuweera, A.N.; Nikagolla, D.N. & Ranganathan,
K. Fruit Waste Substrates to Produce Single-Cell
Proteins as Alternative Human Food Supplements and
Animal Feeds Using Baker’s Yeast (Saccharomyces
cerevisiae). J. Food Qual., 2021, 2021, 9932762.
doi:10.1155/2021/9932762

Nigam, P.S. & Jasmine Sharon Luke, J.S. Food
additives: production of microbial pigments and
their antioxidant properties. Curr. Opin. Food Sci.
2016, 7, 93-100.

doi:10.1016/j.c0fs.2016.02.004.

Kantifedaki, A.; Kachrimanidou, V.; Mallouchos,
A.; Papanikolaou, S. and Koutinas, A.A. Orange
processing waste valorisation for the production of
bio-based pigments using the fungal strains Monascus
purpureus and Penicillium purpurogenum. J Clean. Prod.,
2018, 185, 882-890.d0i:10.1016/j.jclepro.2018.03.032
Guneser, O.; Demirkol, A.; Yuceer, Y.K.; Togay,
S.0.; Hosoglu, M.I. and Elibol, M. Production of
flavor compounds from olive mill waste by Rhizopus
oryzae and Candida tropicalis. Braz. J Microbiol.,
2017, 48, 275-285.d0i:10.1016/j.bjm.2016.08.003
Bramorski, A.; Soccol, C.R.; Christen, P.; Revah, S.
and Ramirez, M. Production of volatile compounds
by the edible fungus Rhizopus oryzae during solid-
state cultivation on tropical agro-industrial substrates.
Biotechnol. Letters. 1998; 20(4): 359-362.

Song, Z.; Liu, X.; Yan, Z.; Yuan, Y. and Liao, Y.
Comparison of Seven Chemical Pretreatments of Corn
Straw for Improving Methane Yield by Anaerobic
Digestion. PLoS One. 2014, 9, ¢93801.d0i:10.1371/
journal.pone.0093801

Akashdeep Dey, A. &Thomson, R.C. India’s biomethane
generation potential from wastes and the corresponding
greenhouse gas emissions abatement possibilities under
three end use scenarios: electricity generation, cooking,
and road transport applications. Sustain. Energy
Fuels, 2023, 7, 209-241. doi:10.1039/D2SE01028C
Chandratre, J.S.; Chaudhari, V.; Kulkarni, B.; Mahajan,
B. and Bavaskar, P.K. Biogas Production from
Local Agricultural waste by using Laboratory Scale
Digester. Res. J. Recent Sci., 2015, 4, 157-165.
Basso, D.; Patuzzi, F.; Castello, D.; Baratieri, M.; Rada,
E.C.; Hortala, E.-W. and Fiori, L. Agro-industrial waste
to solid biofuel through hydrothermal carbonization.
Waste Manage., 2016, 47, 114-121.

Mahidin; Saifullah; Erdiwansyah; Hamdani; Hisbullah;
Hayati, A.P.; Zhafran, M.; Sidiq, M.A.; Rinaldi, A.;
Fitria, B.; Tarisma, R. & Bindar, Y. Analysis of power
from palm oil solid waste for biomass power plants:
A case study in Aceh Province. Chemosphere, 2020,
253, 126714. doi:10.1016/j.chemosphere.2020.126714.
Costa, S.C.; Barcelos, R.L. and Magnago, R.F. Solid
biofuel from glycerol and agricultural waste as a

source of energy. Cellul. Chem. Technol., 2017,
51,765-774.

63. Ray, S., Mukherjee, A. and Ghosh, U. Utilization and
selection of food waste as substrate for fermentation
using Saccharomyces cerevisiae. Res. J. Pharm. Biol.
2018, 9, 1329-1337.

64. Mushimiyimana, I. and Tallapragada, P. Bioethanol
Production from Agro Wastes by Acid Hydrolysis
and Fermentation Process. J Sci. Ind Res., 2016,
75, 383-388.

65. Maiti, S.; Sarma, S.; Brar, S.; Bihan, Y.; Drogui, P.;
Buelna, G. and Verma, M. Agro-industrial wastes as
feedstock for sustainable bio-production of butanol
by Clostridium beijerinckii. Food Bioprod Process.,
2016, 98, 217-226.

66. University of East Anglia. Science Daily; 2015.
[Internet]. Available from: www.sciencedaily.com/
releases/2015/03/150326083304.htm. . (Accessed on
June 1, 2022).

67. Toldra-Reig, F.; Mora, L. & Toldra F. Trends in
Biodiesel Production from Animal Fat Waste. Appl.
Sci. 2020, 10, 3644. doi:10.3390/app10103644

68. Bruun, N.; Shoulaifar, T.K.; Hemming, J.; Willfor,
S. and Hupa, L. Characterization of waste bio-oil
as an alternate source of renewable fuel for marine
engines. Biofuels., 2019, 11, 21-30.d0i:10.1080/175
97269.2019.1628481

69. Dahmen, N.; Lewandowski, I.; Zibek, S. and Weidtmann,
A. Integrated lignocellulosic value chains in a growing
bioeconomy: Status quo and perspectives. GCB
Bioenergy.,2019,11,107-117.doi:10.1111/gcbb.12586

70. Banu, J.R.; Preethi, Kavitha, S.; Tyagi, V.K.;
Gunasekaran, M.; Karthikeyan, O.P. and Kumar, G.
Lignocellulosic biomass based biorefinery: A successful
platform towards circular bioeconomy. Fuel., 2021,

302,121086.d0i:10.1016/j.fuel.2021.121086

CONTRIBUTORS

Ms Swati Ray obtained her master’s (M-tech) from Jadavpur
University, Kolkata, West Bengal and pursuing her PhD. from
there as well. She is currently working as an Assistant Professor
for the last 15 years at the Department of Food Technology
in Haldia Institute of Technology, Haldia, West Bengal. Her
current research interest includes utilization of food waste and
isolation of useful bioactive components.

She was involved in conception, manuscript design, experimentation,
data collection, literature analysis and manuscript writing.

Dr Avik Mukherjee obtained his MS and PhD. from University
of Minnesota, Minnesota. He is currently working as an Associate
Professor and head of the Dean of Research and Development
in the Department of Food Engineering and Technology, Central
Institute of Technology Kokrajhar. His current research focuses
on the use of biopolymer-based food packaging and its value
addition using nano-composite synthesized from wastes.

He was involved in the conceptualization, final proofing,
manuscript editing, and framing of the study.



RAY, et al.: UTILIZATION OF AGRO-INDUSTRIAL, FOOD PROCESSING WASTES AND POLLUTANTS FOR...

Dr Uma Ghosh obtained her master’s (M-tech) and PhD. from
Jadavpur University, Kolkata, West Bengal. She is an Emeritus
Professor in the Department of Food Technology and Biochemical

Engineering, at Jadavpur University, Kolkata. She has recently
retired from her Department from her previous position and is
currently working as an advisor for the Department.

She was involved in conceptualization, final proofreading,

279



